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SUMMARY

This combined Final Report/Instruction Manual describes the METRRA Signature System
designed and developed for the U. S. Army Mobility Equipment Research and Development
Command (MERADCOM), Ft. Belvoir, Virginia by Cubic Defense Systems Division. San
Diego, California.

Data ccllection and reduction was performed at Cubic Defense Systems in San Diego, Cal- P
iornia.

The technical direction and consultation of MERADCOM's contracting officer's represent-
atives, Mr. Bruce Gabriel and Mr. Pete McConnell in solution to technical problems was
greatly appreciated.
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• I1. INTRODUC TION.

1.1 General. P

This Final Technical Report and Instruction Manual describes the METRRAA

Signature Test Configuration and Data (hereafter designated METRRA), depicts its perform-
ance, and provides operating insight into the test setup.

1.2 Definition of METRRA.
i =i1

The acronym METRRA represents vMetal Re-Radiating Radar O. The METRRA A
signature tests result from a third harmonic system, since the receive frequency is

three times that of the transmit frequency. t
Of particular significance is METRRA's inherent ability to penetrate foliage. Convention-
al radar systems provide returns from undesired targets such as trees, water, dense foliage,
etc., while the METRRA system does not. The METRRA process is responsive only to man

made non linear junctions. Non linear junctions, when radiated by high power RF energy, con-

vert the energy to harmonic frequencies and re-radiate.,--

1.3 Purpose of the METRRA Signature.

The METRRA Signature program determines non linear/third harmonic back-
scattered radar cross section characteristics of various classes of smaxll targets.

1.4 System Configuration.

1.4.1 See Figure 1.4.2.

1.5 Condensed System Parameters.

1.5.1 Transmitter.

"Mainframe: Applied Microwave Laboratory, Model PH20K
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1.5.1 (Cont'd.)

Plug-Ins:

Manufacturer: Applied Microwave Laboratory, Inc.

Model Number: 1703HB 1704H 1709H1

Frequencies: 700-950 MHz 950- 1220 MHz 2700-3100 MHz

Operating Frequency: 737 MHz 915 MHz 3.0 GHz

Output Power: 15 KW 15 KW 10 KW

Pulse Width: 1. 0 microsecondi

Pulse Repetition Fre ue ncy: 1.0 KHz

1.5.2 Receiver.

Tpe Coherent - Triple conversion.

Receiving Frequencies: 2211 MHz 2745 MHz 9.0 GHz

Receiver Noise Figure: 3.0 dB nax 3.0 dB max 3.5 dB max

1.5.3 Target Tests.

Antenna Height Above Ground: 6 Feet.
Antenna Angle- Parallel to earth's surface.

Antenna Polarization: Horizcmal (targets are tested in three axes).

2 2
Transmitter Power Density at Target: 128 W/M 2 , 64 W/M 2 , 6.4 W/M2,

0. 64 W/M 2 , .064 W/M 2 , .0064 W/M 2 .

Target Class B - Artillery Delivered Anti-Personnel Mine.

(rt ae ad Target Class C - Anti-Personnel Mine.

(Target Classes A and B encompass one group each with 4 samples per group.
Target Class C consists of two groups with 4 samples per group. All targets
are in the de-activated state.)

Nominal Spacing Between Antennas and Target: 14.5 feet, 4.42 meters.
@

Ui
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2. DESCRIPTION.

2.1 Transmitter.

The Applied Microwave Laboratories Pulse Signal Source Model PH120K
features interchangeable frequency plug-ins capable of pulsed emission in the 150 MHz to
6,000 MHz spectrum. The transmitter model owned by Cubic is no longer in production
but plug ins for the current models are compatible by an Interface cable provided by Ap-
plied Microwave. Test equipment at the transmit output is capable of a maximum power
of 15 KW. The receiver coherent local oscillator is developed by sampling the transmitter
output, multiplying the signal by three and amplifying to a nominal -:-7 dBm. The output
power is monitored with a HIP 432 wattmeter with appropriate power pads to adjust the pow-
er level. The computer controlled data taking equipment determines transmitter anomalies
and provides a warning to the operator while stopping the data taking process.
The transmit power is calculated to provide 128 W/M 2 at the desired operating frequency.

Lower power levels are adjusted by inserting pads in the transmit path to the antenna. Ex-
"treme care is necessary in this path to prevent leakage signals'from developing high back-
ground noise levels.

2.2 Transmit and Receive Filters.

The coaxial line transmit and receive filters are produced for Cubic Defense
by Addington Laboratories. Techebychev designs are used for both filters to provide the
steepest skirts for given numbers of reactive components. The METRRA Signature test
configuration requires the filters to exhibit at least 184 dB of harmonic conversion loss at
the third harmonic of the input signal, which dictates the following guidelines for construc-
tion and fabrication of the filters:

1. Minimize the number of metal to metal junctions in regions of
high current density.

2. Reduce carre-_'z densities wherever possible by avoiding reso-
-' nance effects. increasing operating impedance levels and in-

creasing the overall size of the devices.

3. MaterIals and surface treatment techniques must be non-oxidizing,
exhibit smooth surfaces, and be free from microscopic cracks.

S-5-
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2.2 (Cont'd.)

It is particularly important to follow these guidelines in the transmit signal path since high
power levels at f0 can produce non linear harmonic generation. The output section of the
transmit filter and the input portion of the receiver filter represent the most disastrous lo-
cations for harmonic conversion.

The following is a list of low harmonic conversion Addington filters purchased for the signa-
ture program:

103800461 Low Pass Filter 737 MHzS103800462 Low Pass Filter 1000 MHz
103800463 Low Pass Filter 1400 MHz
103800464 Low Pass Filter 2211 MHz
103800465 Low Pass Filter 2600 MHz

103800466 Low Pass Filter 3000 MHz j
103800467 Band Pass Filter 2211 MHz

103800468 Band Pass Filter 3000 MHz

The construction features of the low pass and high pass filters are shown on figures 2.2.1

and 2.2.2 respectively. The electrical and mechanical design permits practical fabrication

and assembly while it greatly reduces the probability of significant amounts of third harmon-
ic energy reaching the transmit output. At the RF input, a standard type SMA connector is
soldered to the tubular filter housing. The center contact of the connector is also soldered
to the silver plated center element of the filter. Soldering is necessary at this tocation to
eliminate RF leakage rather than attempting to obtain maximum linearity in the junctions.
The harmonic energy at this junction is well below the third harmonic output of the transmit-
ter, and is attenuated by the filter. The center element is machined from a solid brass bar
and silver plated.

Harmonic generation is increasingly more critical closer to the output as a result of fewer
attenuation sections remaining in the filter. The output of the filter is most critical where
non linearities are eliminated to the maximum degree practical.

Coupling of the output coax center conductor to the center element of the filter is shown in
Figure 2.2. 1. A Teflon insulated quarter wave capacitive coupling section effectively re-
places the solder connection normally found at the output of conventional filters and elimi-
nates metal to metal harmonic juncions. The coax shield connection is soldered to the
filter to prevent RF leakage.

-7
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2.3 Receiver.

The METRRA Signature Receiver third IF and baseband circuits are identi-
cal in most respects to those used in the Cubic Man Portable METRRA program. The re-
ceiver boards are identical to previous Cubic designs with the exception of the sample and
integrate circuit. The design was originally a sample and hold arrangement which was sus-
ceptible to short duration, high voltage noise spikes. Approximately 10 dB of additional
sensitivity is achieved by integrating the voltage noise spikes.

The first and second mixers are Hewlett Packard HMXR 5001 double balanced wide band
devices with a RF input range of 2.0 to 12.4 GHz.

The X3 local oscillator is generated by the same circuit at 2.2 GHz and 3.0 GHz.
At 2.2 GHz and 3.0 GHz, a step recovery diode circuit is followed

by a Microlab FXR high pass filter. The same hardware is used at these frequencies by ad-
justing the circuit components to the new frequency.

At 9.0 GHz a passive Hewlett Packard Spectrum Analyzer limiter generates the third har-

monic local oscillator signal. A high pass filter (WE 90 waveguide beyond cutoff), and TWT
amplifier follow the multiplier stages to provide the LO.

The Gamma F filters are electroformed waveguide structures which bandpass the mixer L. 0.
output. The Gamma F model numbers are F11297, F90050, and F9051. See Figures 2.3.1
and 2.3.2.

The noise figure Is set at 2.2 GHz and 3. 0 GHz by a low noise preamplifier manufactured by
Miteq Corp. The noise figure of the receiver front end at 9. 0 GHz is set by a low noise trav-
eling wave tube amplifier.

I

S-10-
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TABLE il
Waveguide Bandpass Filters

TUNEABLE
Center Freq. Insertion * 3dB Band. 40dB Band. Number of

Model No. Tuning Range (GHz) Loss (de| Width (MHz) Width (MHz) S,,tins Remarks

F-11209 7.75- 7.95 .7 45 210 3 WR-112
F-7502 12.2 -12.7 1.0 110 350 4 WR-75
F-7504 9.7 -10.7 2.5 30 75 5 WR-75
F-7505 10.7 -11.7 1.6 50 110 S WR-75
F-7506 12.2 -12,7 1.8 50 110 5 WR-75

F-7507 10.7 -11.7 1.3 80 190 7 WR-75
F-7508 12.2 -12.7 1.3 80 150 7 WR-75
F-7510 10.7 -11.7 2.5 20 100 3 WR-75 Butterworth
F-7512 12.7 -13.2 1.0 "115 330 4 WR-75
F-7513 10.5 -10.7 1.0 115 330 4 WR-75

F-7514 10.7 -11.2 1.0 115 330 4 WR-75

F-7515 11.2 -11.7 1.0 115 330 4 WR-75

TABLE III
Waveguide Bandstop Filters

FIXED TUNED
Center Freq. 3dB Band- 50dB Band- Number of

Model No. (GHz) Width (MHz) Width (MHz) Sections Remarks

F-2849 36.78 600 200 6 WR-28
F-28S0 38.09 600 200 6 WR-28
F-2853 36.82 800 300 6 WR-28
F-2854 38.06 875 350 6 WR-28
F-2877 37.40 400 200 7 WR-28

F-2879 38.01 2500 600 5 WR-28
F-2880 36.86 2350 600 5 WR-28 ,
F-2888 36.79 2400 600 5 WR-28 4
F-2889 38.09 2700 600 5 WR-28

ORDERING INFORMATION

I 3 For filter requirements not shown in Tables 1, II, or III
Sa2I- specify your requirements with symbols as follows:

S- I = f center frequency

f 1, f2= signal band (minimum)
f3 f4 = 3 dB passband (minimum)

\ I f5, f6 = frequencies at a2

-• - . - . _.I ao = m axim um m idband loss (dB)
7 al=a 0 +3d8

.- , " a2 = minimum rejection (d}B

f5 f3 fl fo f2 i .3f6
•_ ! Fig. 2.3.2
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2.4 Antennas.

2.4.1 Requirements.

There are eight (8) identifiable properties of an antenna system
suitable for application In the METRRA Signature Measurement Program:

(1) Linearity
(2) Gain

(3) Uniformity over Target
(4) Power
(5) Frequency
(6) Collocation
(7) Polarization

(8) Cost

2.4.1 1 Linearity.

The antenna is free of metal-to-metal contacts or
other non linear elements that would introduce spurious third harmonic radiation and there-
by obscure the third harmonic radiation from the target. This requirement is the most cri-
tical and is unique to this application. As discussed below, Cubic has a proven technique to
meet this requirement.

2.4.1.2 Gain.

To obtain the specifie-d power densities with reasonable
transmitter outputs, the antenna provides 15 tc 20 dB gain above isotropic.

2.4.1.3 Uniformity over Target.

The nature of the third harmonic back scattering phe-
nomenon is not perfectly understood. As a result, it is essential that experimental data be

collected in as nearly as real-world environment as possible. In terms of the antenna require-
ment, this means that the electromagnetic fields over the target must be uniform as possible,
asmto criticl distribution the classic associated with an antenna far (relatSince die
ultimate application and earlier measurements are both far-field situations, this requirementi ~ assumes critical importance. The classical trade-offs between antenna gain (related direct-

-14-
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F
2.4.1.3 (Cont'L.) f

ly to linear dimensions of the antenna) and the distance to the far field in which the uniformity
of phase and amplitude are met must be addressed in the selection of the antenna size and type.
In the actual experimental program, probing of the amplitude variation across the space to be
occupied by the target confirms the validity of the selection.

2.4.1.4 Power.

Cubic used transmitting equipment and filters to deliver
up to 10 kilowatts of peak power to the antenna. The antenna is capable of handling this power
level safely without dielectric voltage breakdown or other loss of performance. Ji

2.4.1.5 Frequency.

To minimize the. number of antennas required, a corn-
binationvf antennas operating at both the fundamental and third harmonie frequencies are used
for as many of the target test frequencies as feasible.

2.4.1.6 Colocatlon.

To simulate the ultimate application, the transmitting
and receiving antennas are located in the same volume of space zelative to the illuminated
target.

2.4.1.7 Polarization.

Although it is ultimately desireable to conduct some
investigation into the sensitivity of the back scattering phenomenon to incident polarization,
for purposes of this program, only vertical linear polarization is used. This simplifies the

antenna requirement and permits use of the proven Cubic technique.

2.4.1.8 Cost.

Since the objective of the program is to obtain and analyzeSdata, 'hardware costs are to be kept to a mninimum. Consequently, the artenna design selected

is capable of fabrication at minimum cost and with little or no special design effort.

-15-
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2.4.2 Physical Considerations.

The antenna is an array of dipoles fed in phase and positioned over
a simulated ground plane to obtain increased directivity and to isolate the equipment in
back of the antenna from the fundamental radiation.

For the man-packed METRRA the requirement was for an extremely light-weight antenna,
in a minimum volume. For the back scatter signature measurements, these constraints
are not observed. The transmitting and receiving antennas are essentially colocated, but
the receiving antenna is screened from the transmitting antenna by a conducting or absorb-
ing sheet. This separation increases the isolation from the spurious third harmonic
mdiation which can result if the receiving antenna is illuminated with the full transmitted
power or a major fraction thereof.
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2.5 Data Collection.

All testing is performed under computer program control by a Hewlett Pac-

kard 9825 calculator. Target rotation, receiver calibration and receiver output are software
controlled to facilitate testing, analyzer system performance and format data for easy retriev-
al and manipulation.

2.5.1 Calculator Program.

A program for the HP9825 computer is described which performs
orderly (or even random) acquisition and storage of METRRA harmonic radar cross section
data. Storage medium is magnetic tape to facilitate data recall in a random fashion and facili-
tate financial economy.

2.5.2 Required Data.

The test parameters recorded are classified as follows:

1. Specified constant quantities:
a. Frequency
b. Target power density.

2. Measured variable quantities:
a. Receiver voltage.
b. Receiver input attenuation value.

3. Target Identifiers: .I a. Target Tyrpe.
b. Target No. 1

4. Measurement Identifiers:

a. Plane of rotation. z

b. Azimuth position.
c. With or without ground plane

5. Miscellaneous Test Information:
a. Data and Time.
b. Test personnel.
c. Climatic conditions in chamber.

[-2-
-I24-
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2.5.2 (Cont'd.)

Each of these parameters take a finite number of values. These are listed below:

6 Frequencies
4 Target Types (Code)
4 Target Numbers

3 Plane of Cut
6 Power Densities
8 Aximuth Positions
2 Data Values/Azimuth (position with or without ground plane

constitutes two more conditions).

From this, it is evident that the total data storage requirement is as high as 55,296.

2.5.3 Data Storage Format.

The following data format is established with the available tape
storage capacity and I/O efficiency taken into consideration.

Each tape consists of two tracks and is subdivided into numerous data files. The files are
of varying length and accessed individually or at random. All data in any particular file must
be read. However, data that Is not needed may be disregarded. Though the storage capic.--
ties of each tape are extensive, the data storage requirements of the METRRA project rn.ke
the use of multiple tapes a logical approach.

Six tapes are used, one for each frequency. Track 0 of each tape will store only dat-i taken
without ground plane while Track 1 will store data with ground plane.

Since there are four target types and four samples of each target, 33 files are marked on
i each tape as illustrated in Figure 2 .5- 9. The first file (file #0) is an index, and files 1

to 16 are primary storage for the 16 targets. Hence, each target has Its own file. Files
i 17 to 32 are back-up files. When data in the primary files is repeated for any reason, the

program automatically stores the new data in a back-up file and updates the index in File 4(C
$ •to correlate primary files and the appropriate back-up files. Note that a limited number of

back-up files are accessable. All 16 back-up files may be used for any or all of the primary
files.

-30- o
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2.5.3 (Cont'd.)

Each file is organized into blocks, heading blocks, index blocks, or data blocks (See Fig-

ure 2.5-10..

Heading blocks contain th; ee 80 character lines. The first line is computer prompted com-
ments, the second line miscellaneous comments prior to the data run and the third line mis-
cellaneous comments following the data run and just prior to storage. Computer prompted
comments include:

Target Type: Hand grenade, etc.
Target Code: A, B, C, D (to correspond with the target types)
Target#: 1, 2, 3, 4
Date and Time:
Test Personnel:
Ground Plane: With or Without

The index block serves to identify which cuts and power levels are measured during the
test under the current heading. This block consists of an array of "Y's" and '"N's",

For example, if all cuts at a power level of 128 watts/sq. meter were taken, then the Index
block would look like:

Y N NNNN•- YNNNNN

•> YNNNNN

The data block of each file represents the data culminating from all the run data stored in
that file. Any attempt to write over existing data in a file will automatically result in stor-
age of repeat data in a back-up file and an update of the index file.

No more than five pairs of Heading/Index blocks are stored in a file at one time. Any
~ ... - entries above five over write the first entry, displays a warning on the printer and forces

the program to stop and present ERROR MESSAGE on the computer.

-31-
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2.5.4 Program Use.

Step 1. Turn on 9825: Insert program tane.

Step 2. Key in rew; 1 dt, press execute.

- Step 3. Insert METRRA data storage tape for the appropriate frequency and

press run.

- Step 4. After each entry of measured parameters or response to computer

cfuestions, press continue.

See Figure 2.5-4 for block diagram of program.
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Plane of Cut

X -Y N N N N N N

Y- Z Y N N N N N

z-x Y N N N N N

Power Density At Target

. 0064 Watts/SqM

.6W'I

'064 Watts/SqM

.64 Watts/SqM

- - 64 Watts/SqM

128 Watts/SqM

Y's: indicate measurement data was taken and recorded in

data block.

N's: indicate measuremenw data was not recorded.

-35-
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2.5.5 Signature Data Collection Calculation Sequence.

2.5.5. 1 Record under computer control the following:

- Receiver Detector Voltage (complete mean of 20 samples).

- dB attenuation ahead of receiver.

- Target orientation.

- Target type.

- Target number.

- Transmitter Power Output.

- With or Without Ground Plane.

2.5.5.2 Convert receiver calibration data for computing power at
the receiver given detector voltage and dB insertion loss ahead of the receiver. {

2.5.5.3 Compute target signature and background signature.

2.5. 5.4 A. Compute signature mean of each target vs. target
orientation. (3 data points/power level).

B. Compute signature mean of target vs. cut. (8 data
points/power level).

C. Compute signature mean and standard deviation of
target vs. power. (24 data points).

D. Compute signature mean of the twice daily empty 1
chamber data.

E. Subtract signature mean of targets vs- powerby the

signature mean of the empty chamber at 0. 0064 W/12

and 0. 064 W/M 2 . Average the two results to yield a
background correction factor.

F. Multiply the averaged correction factor by the background
data to yield a corrected background signature level.

G. Compute target signature and background.

H. Correct for target background.

I. Compute least squares on 128 W/M 2 , 64 W/'M 6.4 W 'NM2

.64 W/M 2, . 064 W/M 2 -. 0064 W/M 2, of all four target
samples without background correction.

.J. Repeat I with background corrected.

99K. Repeat I and J above at 128 W,'M 2, 64 W /M, and 6.4 WV/M 2.

L. Repeat I, J, K for each target individually.

-37-



CUBIC COB PORATION
San Diego, California

737MHz/2211MHz RECEIVER CALIBRATION DATA

Pi Vo

-125 dbm First Movement

-121 dbm 25 my

-118 dbm 50 my
-115 dbm 100 my
-113.5 dbm 150 my

-112.5 dbm 200 my
-110.5 dbm 300 mv
-i09 dbm 400 mv
-108.5 dbm 500 mv Pidb= -106.09+3.921n (Vowt)

-106 dbm 1.0 v r2
-104.5 dbm 1.5 v r

-103.5 dbm 2.0 v 9
-, -103 dbm 2.5 v

-102 dbm 3.0 v H
-101 dbm 3.5 v
-100 dbm 5. 0 v
-99 dbm 6.0 v
-98.5 dbm 7.0 v

-97 dbm 8.0 v
-91 dbm 9.0 v Pi 157.6-29.5in (Vowt)

dbm
-90.5 dbm 10.0 v r 2 =.83

-90 dbm 11.0 v
-89.5 dbm 12.0 v Pi -95.1•.46 (Vowt)
-89 dbm 13.15 v r2=1

iy TABLE 2.5.1
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CUBIC CORPORATION
San Diego, California

1.0 GHz/3GHz RECEIVER CALIBRATION DATA

Pi Vo

-146 dbm 10 my
-141 dbm 25 nv
-136 dbm 40 mv Pi = -118.02+5.75 In (Vowt)
-131 dbm 70 mv r 2 =. 99
-126 dbm 200 my
-121 dbm .5 v
-118 dbm _ 1.0v

-116 dbm 1. 25 v
-113.5 dbm 2.5 v
-111 dbm 4.5 v Pi = -117.48-1. 36 (Vowt)
-108.5 dbm 8.0 v r 2 =94
-106 dbm 9.0 v r

-102 dbm 10 v

TABLE 2.5.2
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CUBIC CORPORATION
San Diego, California

.J

"3.OGHz/9.OGHz RECEIVER CALIBRATION DATA

Pi Vo

-139 dbm 50 mv

-134 dbm 100 my

-129 dbm 300 my

-127 db' 500 mv

-125 dbm 800 my

-123 dbm 1.25 v

-121 dbm 1.75 v Pi= -116.32+4.98 In (Vowt)

-119 dbm 2.5 v

-117 dbm 4.0 v

-115 dbm 6.0 v

-113 dbm 8.5 v

-111 dbm 8.5 v

-109 dbm 9 v

-107 dbm 10 v

-105 dbm 11 v

-103 dbm 12 v

NV

TABLE 2.5.3
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CUBIC coRporATION
San Diego, Cal ifornia

SYSTEM PARAMATE13S AT 737 MHz

Pi + A (Input Attinuation) - 30 db = P(Antenna) (dbw)

P 10 P n)Power out of Antenna in WattsR 0

34 R

a (•) P (See Appendix)

Po Gt Gr N2

R = 4.42 Meters

Antenna Gain Ratio = 11.22 XM]T I]
Antenna Gain Ratio = 37. 58 Receive

-2 .0184 M2

Po at 128 W/M 2 
- 3162 Watts Pk

TABLE 2.5.4
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CUBIC CORPORATION
San Diego, California

SYSTEM PARAMETERS AT 1 GHz

Pi + A (Input Attinuation) - 30 db = P (Antenna) (dbw)

P 1P(AN Power out of Antenna in Watts

(41r) 3 R4 =R (See Appendix)

Po GT GR x2

R = 4.42 Meters

R Antenna Gain Ratio = 31.62
Tx Antenna Gain Ratio 13.18

-" X2 = O. O1

Po AT 128 W/M 2 = 3162 W Pk

4;

TABLE 2 .5.,
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CUBIC CORPORATION
San Diego, California

SYSTEM PARAMETERS AT 3.0 GHz

Pi + A (Input Attinuation) - 30 db = P (Antenna) (dbw)

PR 10 10 Power out of Antenna in Watts

(41r)3 R4 PPo GT GR =2 (See Appendix)

R =4.42 Meters
"T Antenna Gain Ratio = 15.0

Rx Antenna Gain Ratio 19.85
X 2 . 0011 M2

Po at 128 W/M 2 = 10,000 W Pk

TABLE 2.5.6
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CUBIC CORPORATION
"San Diego, California

At

3. DATA CONCLUSIONS.

3.1 Sources of Error.

Because of the highly random nature of harmonic conversion, it is difficult

if not impossible to draw specific conclusions.

The sources for measurement error range from leakage from transmit to receive antennas,
harmonic conversion of the chamber, harmonic leakage before or after the clean up filters.
harmonic generation from junctions in the transmit path, standing wave patterns within the
anachoic chamber, fundamental frequency overloading of the preamplifier front end, zero

drift of the receiver detector, external man made interference signals, or radiated or con-
ducted leakage from the transmitter room to the receiver room.

3.2 Data Interpretation.

Several possible sources of error exist as mentioned previously, so data
manipulation is performed several different ways to achieve as much insight as possible
into the signature measurements.

1. Least squares analysis is performed on four samples of each
target at all power levels. These readings are somewhat awkwardly biased by the three
lowest power levels, which usually represent the noise level, and variations which may
exist between targets.

2. Least squares analysis Is performed on the 128 W/M 2, 64 W/MI,

and 6.4 W/M 2 data. This prevents bias of the equation toward the noise level data.

3. To prevent ambiguities between individual targets, each sample
is evaluated independently.

4. To minimize the effects of background sources, background runs
are performed and subtracted from the averaged signature data. The results are equiva-
lent to signal minus noise.

Li
q -44-
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CUBIC CORPORATION
San Diego, California

3.2 (Cont'd.)

In data analysis, abnormally large or small coefficients or exponents of P are assumed to
be targets of extremely poor signature or significant error component.

-These considerations have been taken into account in the following tabulations:

Frequency Hand Grenade Atom AT/AV Mine M-16

737 IMHz 4 x 10-11 3.16 x 10-10 2 x 10-10 1 x 10-12

1.0 GHz 2 x 10- 11  6.76 x 10-11  1.5 x 10- 10  5 x 10-11

3.0 GHz 5 x 10- 12  4.17 x 10-1 2  3.4 x 10- 2 x 10- 1

.3.3 Ground Plane Data.

* 3.3.1 In most instances, the addition of a ground plane permitted a
modest improvement in signature returns.

Si
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:• I CUBIC CORPORATION
San Diego, California

FINAL REDUCED DATA

The following data represents the reduced radar cross section equation and signature.

Key Example

737 Mwzz I HAND GRENADE WiTHOUT GROUND PLANE -- ,

wrrH BACKGROUND SUBTRACTED [ -,

Transmit frequency

Target type

Target measured with or without groundplane installed

Signature measurements taken and computed. Background noise levels sub-
tracted from the signature returns (Signal + noise - noise).

j-l IET lwVELS) E ION SIGMA

1i <Most tnrget types consisted of four samples. Each sample was assigned a number
by Cubic, i.e. 1234 signifies signature of samples 1 through 4 of hand grenade.
Targets have been averaged together to form the data base..

L. -- This column represents the number of power levels taken to form the signature
equation, i.e. "6" represents the equation was derived from the data taken at
128 W/meter, 64 W/so.. m, 6.4 W/sq. m, 0.64 W/sq. m., 0.064 W/sq.m, and
0. 0064 W/sq. m.; '3" represents the eauation was derived from data taken at
128 W/sq. m, 64 W/sq.m, 6.4 w/sq. m.

This is the signature equation as derived from a least squares analysis.

_ -•----.Sigma is the derivEd radar cross section at a normalized 1 W/sq meter.

"4Kp

-46-

- , .-.. • --- • -.-•••-• . • '-•: :•_ ...... .. .•.,_.,- I
S-.



A- --- --- ---- I -U

3.4 Reduced Data

737 L4hz hA•iD GRENADL'E ,PdOUT GR.JUD PLANE
TARGET i (P LEVELS) EQdA£rfOL SIGMA

1 2 3 4 6 -9.99E 99 + 9.996 99P" 0.00E 00 0.OOE 00
1 2 3 4 3 -9.99E 99 + 9.99E 99PP 0.00E 00 0.006 00
1 6 9.54E-05 +-9.54E-05P1 , 3.34E-06 2.59E-09
2 6 4.81E-04 +-4. 81E-041? t *3.34E-06 5.04E-09
3 6 5.466-04 +-5.46E-04PT 3.34E-06 5.706-09
4 6 2.350-04 +-2.35E-04Pt 3.34E-06 2.46E-09
1 3 1.44C-09 -. 1l.29E-59P1 2.37E 01 1.44E-09
2 3 7.08E-11 +-1.24S-139? 1.25E 00 7.07E-11 ,
3 3 7.416-11 +-2.79E-61Pt 2.37E 01 7.41E-11
4 3 1.07E-11 + 3.18E-13Pr 9.67E-01 1.10E-11 -

1 GHz HALD GREJADE WfilOJT GROUNL PLANE
TARGET • (P LEVELS) EQUATION SIGM4AA

1 2 3 4 6 -9.99E 99 + 9.99E 99PT 0.00E 00 0.00E O0

1. 2 3 4 3 -9.99E 99 + 9.995 99Pt 0.00L 00 0.00E 00

1 6 5.440-04 +-5.44E-04,? 3.34E-06 5.66E-09

2 6 5.55E-04 +-5.55E-04Pt 3.349-06 5.73E-09

3 6 3.19E-04 +-3.19E-042r 3.34E-06 3.586-09

4 6 9.94E-05 +-.4E-O5Pr 3.34E-06 1.08S-09
S1 3 -9.99E 99 + 9.99E 999r 0.00E 00 0.00E 00
S2 3 1.97E-11 +-2.45E-13,?r 8.21E-01 1.95E-11

3 3 9,82E-12 + 3.09E-61Pf 2.37E 01 9.82E-12

4 3 -9.996 99 9.99E 999T 0.00E 00 O.00E 00

3 GHz HANJD GREOADE .?THOUT GROUND PLALIE
TARGET # (P LEVELS) EQUATION SIG'1A

1 2 3 4 6 7.11E-12 +-2.16E-15Pt 1.-35 E 00. 7.11Ei-12 i"" 1 2 3 4 3 -9.99E 99 + 9.99S 99Pt 0.OE 00 0.00E 00
1 6 2.71E-11 +-I. 1 3E- 1 4 PT 1.59S ,0 2.716-11
2 6 2.286-11 +-6.26E-15P1 1.636E 00 2.23E-11
3 6 2.83E-11 +-3.74E-L5PT 1.566 00 2.83E-11 ..
4 6 1.47E-12 +-,3.79E-53PT 2.37E 01 1.47E-12
"1 3 -9.)96 99 + 9).93U 999P 0.00E 00 u.0OE 00
:• 2 3 -9.99E 99 + 9.99i" 992T 0.00S 00 0.006 00

3 3 -9.99E 99 + j.396 9927 U.0.OE 00 0.00u 00
4 3 5.786-12 +-3.03Z-132, 76E-01 5.48E-12
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737 Mhz HANqD GREN•ADE WrUOUT GROUND PLANE
WITH BACKGROUND SUBTRACTED
TARGET # (PtR LEVELS) EQUATIONL SIGMA

1 2 3 4 6 1.10E-10 + 7.51E-1IP 3.836.-01 1.856-10
1 2 3 4 3 4.11E-10 + 7.65E-60P^ 2.36E 01 4.11E-10
1 6 -3.70E-110 + 1.07E-09P^ 1.86E-01 7.02E--10
2 6 2.16E-05 +-2.166-05?^ 3.34E-'Jb 2.486-L0
3 6 5.61E-05 -- 5.6iE-05P^ 3.34E-06 0.11E-10
4 6 i.15E-05 +-1.15E-05P^ 3.346-06 1.436-Iu
1 3 1.47E-09 + 1.23E-59P^ 2.37E 01 1.47t-09
2 3 3.09E-11 +-3.05E-16,^ 2.36E 0) 3.096-II'
3 3 -9.99E 99 + 9.P96 99P^ 0.00C 00 0.00E 00
4 3 7.89E-12 + 3.90E-15P 1.37E 00 7.89E-12

1 z HA,\D GRE>\4ADE w-rilOUT 3RulOiD PLANE
Wlj 1 3ACKGROUND SU0rRA2TED
TA•.,T # (PQ?, LEVrLi) EQUATIOA SIG•IA

1 2 3 4 6 2.94E-10 + 3.22E-59P^ 2.36E 01 2.94E-10
1 2 3 4 3 5.86E-10 + 4.00E-59P^ 2.366 01 5.36E-10

6 8.66E-05 +-8.56E-05P^ 3.34E-u6 9.02E-I0
2 6 7.32E-05 +-7.82E-J5P^ 3.34E-06 7.92E-10
3 6 1.14E-09 +-7.30E-I0P^ b'07S-01 4.08z-10
4 6 1.96E-05 +-i. 96E-052^ 3.346-05 2.44E-10
1 3 -9.99E 99 + 9.99E 99P^ 0.OOE 00 0OOE 0o
2 3 2.30E-12 + 4.37E-66P^ 2.58E 01 2.306-12

3 3 3.72E-13 + 5.38E-16P^ 2.24E 00 3.736-13'
-1 3 -9.99E 99 + 9.99E 99P^ 0.OOE 00 0.OOE 00

3 GHz HAND GREJADE WI'HOUT GROUND PLANE
WITH BACKGROUNDL SuBTRAC2'ED
TARGET i (PWR LGVELS) EQUATION SIG~A

1 2 3 4 6 4.06E-13 + 2.046-33P2 1.11E 01 4.0'E-13
1 2 3 4 3 2.56E-14 + 1.39E-24P^ 6.44L 00 2.50E-14
1 6 -2.53E-13 + 3.37E-13?- 1.541-01 1.34E-13
2 6 -3.25E-13 + 5.34E-13t<' 1.95E-01 2.09E-13
3 6 -2.71L-12 t 3.24E-122- 5.24L-02 5.39E-13
4 6 -2.48E-13 + 3.77L-132^ 1.51E-01 1.29E-13
1 3 6.6!E-13 +-5.60E-63-& 2.37E' 01 6.61E-13
2 3 1.06E-12 +-6.Z2E-03P) 2.37E 01 1.06E-12
3 3 2.02E-12 +-2.091-G2P^ 2.37C 01 2.02E-12

4 3 6.36S-13 +-6.44-"-631?' 2.37C 01 6.36E-1.3
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737 Mhz ADAA WPHOJf GROUND PLANE
• TARGET (P LEVE"LS) EQUATIOd4 S I G MA

1 2 3 4 6 1.64E-10 + 1.]3E-16iP^ 3.35E 00 1.64E-10
1234 3 2.446-10 + 5.0v5E-161?^ 3 .4 7E~ 00 2.44E~-10 L

1 6 2.38"-10 + 3.U6E-14 I 2.79C 00 2.33E-10

2 6 2.90E-05 +-2.90E-05&^ 3.34t;-06 5.346-I0

3 6 4.49E-10 + 1o63E-13P^ 1.12E 00 5.16E-I0

1 3 1.21E-10 + 3.76E-14P^ 2.75E 00 1.21E-10

2 3 -2.870-11 + 9.66E-122- 8.18E-01 -i90-!
3 3 -9.99E 99 + 4.99C 99P^ 0.00C 00 0.00E 00

4 3 !.67E-10 + 3.856-15P^ 2.97E 00 1.67E-10 "

1 GHz ADA:I W;rHOJT GROUJXD PLANE
TARGET • (P LEVELS) EQUATION SIGMA

1 2 3 4 6 9.35E-09 +-1.85E-62P 2.53E ul 9.35E-09
1 2 3 4 3 -9.99E 99 + 9.996 99&^ 0.OOE 00 0.00E 00

1 6 9,42E--05 +--9.41E-05P 6 I.2-U.

2 6 6.06E-04 +-6.06C-04P^ 3.34E-06 7.68E-09

3 6 8.92E-05 +-.3.92E-05P^ 3.34E-06 1.05E-09
4 6 -1.60E-11 + 1.51E-112^ 8.42,<-G1 -9.45E-i3
1 3 9.99E 99 +-9.99E 99P- 0.00E 00 0.OOE 00

- 2 3 -2.09E-11 + 5.70E-12'" 1.31f; 00 -1.52E-11
3 3 -9.99E 99 + 9.99E 9)P^ 0.0OOE 00 0.OUE 0o
4 3 -1.82E-10 + 6.13E-i119 5.86E-01 -1.206-10

3 Griz ADAR &ijOr GRO•uD tLAaE
TARGET # (P LVELS) EQvl'TIOi 6 1GAA

1 2 3 4 6 -9.99E 99 + 9.99E 99P^ 0.OOE 00 0.00L 30

1 2 3 4 3 4.03C-10 +-5.3;3E-602- 2.36E 01 4.03E-10

1 6 -4.34E-10 + 7.236-10,? 2.19E-UI 2.89E-10 "

2 6 1.05E-12 + 1.3)E-14P^ 1.72, 00 1.07i-12

3 6 2.10E-12 + 2.94E-229^ 5.22E 00 2.!!:£-12 '

4 6 9.15E-13 + ".12E-17P^ 2.986 00 9.15E-13

1 3 9.99E 99 +-9.99E 99&• 0.ooE 00 U.OOE 00

2 3 4.656-12 + 7.23E-15P^ 1.ý1E 00 4.66C-12

4 3 3 5.64E-12 + 2.69E-61P^ 2.37E ,1 5.64E-12
4 3 3.68E-12 + 4.34E-182^ 3.41E 00 3.[ E-12
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737 IThz ADM WraOUT GROUND PLAE

t,'rH 13ACKGROUL4D sý'UTRPAC1'tD 
SIGMA

TARGET # (2WqR LEVELS) EQUATION

3 4 6 7.816-11 + 1.50E-14P 2.75E 00 2.04E-1
1 2 3-10 + 2.606-14^ 2.591 00 2.04E- 0

3 6 1.530-1 0 + 1.'3E-132^ 2.41E 00 j.53t-10
2 6 2.51E-1 0 + 2.26E-6o0 2.37E 01 2.51E-10

3 6 7.27r.-i + 7.706-ilp 3.29E-01 1.50E-1'

42 1.40E-i0 + 3.I2E-1 4 2- 2.546 00 1.4Jr-0

143 2.93E-10 + 1.59L-i 3 P^ 2.45E 00 2.-33-0
32 3 -3.22E-13 + 9.74E-13P 1.27L 30 52F.

2 3 -9.99E 99 + 9.99E 99k^ 0.00k 00 0.00L 00

4 3 2.USE-10 + 2.1SE-1 43 2.61E 00 2.'JE-i0

1 Gilz ADAM W2HOJT GROUND PLANE

WITH BACKGROUND SBirRACT'D

TARGET i (P,1iR LEVELS) EQUATION SIGMA

1 2 3 4 6 1.06E-10 + 1.61E-15P 3.08E 0O 1.06c-0"

1 2 3 4 3 3.23E-10 + 1.11E-12i? 1.42E 00 3.24E-10

1 6 3.73E-10 + 2.66E-11^P 9.86E-01 3.99E-I0

2 6 1.66E-09 + I.b4E-59P- 2.376 01 1.66E-0)

3 6 5.17E-11 + 3.77E-12P^ 5.17E-01 6.05E-11

4 6 -1.65r-1i- + 2.26E-11P^ 7.60,'-01 6.16-12

1 3 -9.99E 99 + )s.99,' 99P 6.00L 00 0.00i 00

2 3 -8.310-12 + 1.J3E-11P^ 1.13E 00 2.53E-12

3 3 -9.99r 99 + 9.99E 99P^ 0.OOE 00 0.00L Ut

4 3 -2.39E-10 + 1.06E-102- 4.31E-Ul -1.326-10

3 GHz ADA'! %qrtIOUT GRcjND PLA14C

WITH BACKGROUJD SU3TRACTED

TARGET . (P'J LEVýLS) EQUATION 
SIGA

1 2 3 4 6 ).99E 99 + 9.99E J 0.u0l 00 0.00 i- 0o

F234 3 1.316-10 + 5.03E-642^ 2.56F 01 1.31E-IU

1 6 -5.03E-10 + 3.31E-10P? 1.38E-01 3.23E-10

S2 6 1.07E-13 + 2.47E-14P- 1 .65E 00 1.31;-13

3 6 2.30E-14 + 6.776-19e^ -l.z 00 2.30E-14

S4 6 1.05E-13 + 3.:-A--17P^ 2.32E 0O 1.05E-13

3. 3 1.67E-09 +-1.-Z72-59 2.37E oA i.j7E-09

S2 3 4.97E-13 + 2.256-iL4? 1.37C 00 5.19E-13

3 3 9.20E-14 + 5.51i-Il? 3.65E 00 9.20E-14

4 3 4.25e-1 3 + 7.12E-17P^ 2.35E 0O 4.25E-13
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737 mhz AT/AV M4I1Nq WfHOUT GROUJD PALANE
TARGET • (P LEVELS) iEQUATION SIGMA

1 2 3 4 6 1.57E-09 + 5.60E-16PW 03.50E 00 1.57E-09

1 2 3 4 3 -9.99E 99 + 9.99E 99P2 0.0oE 00 0.O0E 00

1 6 2.60E-10 + 4.68E-63P^ 2.596 01 2.60E-10
2 6 3.86E-09 + 1.63E-53P- 2.37E Ul 3.866-09

3 6 1.1oE-u9 + 3.96E-5)e- 2.376 01 1.10E-09
S4 6 1.965-09 +-7.91E-60?- 2.37E 01 I.96E-09

1 3 4.52E-09 +-4.41E-59;?. 2.37E Ul 4.526-09

2 3 4.23E-09 + 1.3UE-59P; 2.37E 01 4.23E-O0)
3 3 7.97E-11 + 7.7uE-u)P^ 4.65E 00 7.97E-11
4 3 9.99E 99 +-9.99E 119p 0.00E 00 O.O 00

1 Gkiz AT/AV MINE ;;IPHOOT GROUND PLANE
TARGET • (P LEVELS) EQUATION4 SIG.4A

1 2 3 4 6 7.32E-10 + 2.26E-58P2 2.355 01 7.32E-10
1 2 3 4 3 -9.990 99 + 9.996 99P^ 0.00E 00 0.00E 00
1 6 1.35E-05 +-1.35,-05?^ 1.62E-05 6.64E-10
2 6 5.85E-05 +-5.35E-05P- 3.34E-06 6.44Z-10
3 6 4.75E-04 +-4.75E-04P^ 3.34E-06 4.92E-09
4 6 1.74E-04 +-1.74E-04P^ 3.34E-06 1.91E-09
1 3 -9.99E 99 + 9.99E 99P^ 0.00E 00 0.00E 00
2 3 -9.99C 99 + 9.99E 39?- 0.00 GO 0.00E 00
3 3 3.66E-11 +-2.035-6iP 2.37E 01 3.66L-11
4 3 -9.99E 99 + 3.99E 39P^ 0.00E 00 0.00E 00

3 GHz AT/AV AIJ.E T•.OUT GROouND PLA.JE
TARGET • (P LEVELS) EQUATION SiGMA

1 2 3 4 6 8.I0L-12 + 1.14E-20P^ 5.20E 00 8.10E-12
1 2 3 4 3 8.84E-12 + 2.085-14P? 1.73G 00 3.86E-12
1 6 4.33E-12 + 7.3OS-14i?^ 1.702 00 4.41t-12 '

2 6 2.J3 E- 11 + 2.*39iý-I4?^ 1.99L 00 2. U8L-11
3 6 -3.78E-12 + 1.31'-1lP^ 2.12S-01 9.30E-12
4 6 -2.44E-11 + 3.44E-I1j^ 1.03L-01 9.94E-12
1 3 1.91E-11 + 2 .43E-14P 1.92E 00 1.-)2£-11
2 3 3.65E-11 + i.14C-1i6P 3.10E 00 8.65E-II1
3 3 2.72S-11 + 2.00C-61P^ 2.377 01 2.72S-11
4 3 3.54L-ji +-2.34E-61P^ 2.37E 01 3.546-11
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737 Mhz AT/AV : IlE ,1'UOUT' GROUND PLANE
WITH BACKGROUND :3U3i'RAOTCE
TARGET . (PWR LEVELS) EQUATION SIG GAA

1 2 3 4 6 3,68E-10 + 4.41E-14P^ 2.57E 00 8.G9E-10
1 2 3 4 3 -9.99E 99 + 9.99E 99P" 0.OOE 00 0.0oi 00
1 6 2.20E-09 +-2.O0E-59P" 2.37E 01 2.20E-09
2 6 -1.30E-04 + 1.31-04.P" 3.346-06 3.46E'-09
3 6 1.90E-10 + 1.21E-179^ 4.03E 00 1.90E-iO0
4 6 6.15E-I0 + 1.23E-1OP^ 5.006-C1 7.33E-10.
1 3 4.68E-09 +-4.60E-59P^ 2.37E 01 4.63E-d9
2 3 4.42E-09 + 1.09E-59P" 2.37E Ai 4.42E-09
3 3 9.23E;-1 + *3.67t-17i" 3.660 00 9.23E-I1'

4 3 -9.99E 99 + 9.99E 99?" 0.00Z 00 0.00E 00

1 GiIz AT/AV AAINE WTI"OUr GROUND PLAi-4E
WITH 3ACKGROULND SU3TRACM'•D
TARGET # (PWR LEVELS) EQUAI'ION SIGiMA

1 2 3 4 6 1.51E-10 + 5.81E-59P^ 2.36E 01 1.516-10
1 2 3 4 3 1.07E-10 + 6.0'7E-60P^ 2.36E 01 1.0 7 E--l1
1 6 1.08E-05 +-1.08E-05?" 3.34E-06 1.53E-10
2 6 1.27E-05 +-1.27E-05P- 3.346-06 1.7 3 E-1 0

3 6 3.OdE-10 +-1.70E-OPu 1.21E-01 1.38E-10
4 6 3.16L-10 +-i.34E-1OP" 1.72E-01 1.82E-I0
1 3 -9.99E 99 + 9.99E ý9P^ 0.O0E 00 0.00E 00

2 3 -9.,9E 99 + 9.99E 99p^ 0.000 00 0.OOE 00
3 3 3.32Z-11 +-1.83E-61?" 2.37L 01 3.32:-I1
4 3 -9.99E 99 + 9.99L )9P^ 0.OOE 00 0.OOE 00

3 GHz AT/AV -4INE o.i•OUT GROUNeD PLANE
WITH BACKOROUND SUBrRACTE. L
TARGET (?4K Li:,VELS) EQUAT1cXa S I G-A

1 2 3 4 6 5.70E-12 + 2.09E-20& 5.08E 00 5.70E-12
1 2 3 4 3 -5.39E-14 + 1.2E-13t?- 1.37U 00 7.16E-14
1 6 2.97E-13 + 1.50 -13t^ 1.56L 00 4.47E-1-s
2 6 1.29E-11 + j.)6E-14P- 1.74F 00 1. 3 0 6-11
3 6 -3.79E-13 + 4.1•3E-132^ 9.58E-6i 3.90E-14
4 6 -7.316-12 -; L.23E-131^ 2.13,-i1 5.03L-z-
1 3 1.48E-12 + 1.40L-13e^ 1.57L 00 1.626-12
2 3 5.60E-11 + 9.79E-152- 2.19E 00 5.603E-11
3 3 -2.56i.-12 + 7.1416-13P^ ,3.o7E-01 -1.856-12
4 3 2.61E-11 +-1.75E-612- 2.37E 01 2.GIE-!1
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737 Mhz "4-16 MINE WWTHOUT GROU4D PLANSE
TARGET # (P LEVELS) EQUATiOd SIGMA

1 2 3 4 6 1.09E-08 +-2.17E-62P^ 2.53E 01 1.09E-08

1 2 3 4 3 3.88E-10 + 5.146-592^ 2.360 01 3.886-I0

1 6 5.35E-05 +-5.35E-05P^ 3.34E-06 6.03E-10

2 6 4.63E-05 +-4.63E-05Pi 3.34E-06 4.93E-10

3 6 1.08E-04 +-1.08E-04P 3.34E-06 1.45E-09

4 6 4.02E-04 +-4.028-04? 3.34E-06 4.165-09

1 3 3.21E-12 + 9.04C-16?- 2.37E 00 3.21E-12

2 3 -9.99E 99 + )..99e 99P? 0.00E 00 U.jo0• O0

3 3 -2.25E-11 + 3.450-12P 1.12E 00 -1.908-11

4 3 -9.99E 99 + 9.99E 99P ^ 0.00E u0 0.00t] 00

1 GHz M-16 AINE firdOUT GROUL4D PLALiE

TARGET # (P LEVELS) EQUATION SIGMLA

1 2 3 4 6 3.73E-09 +-7.32E-63P^ 2.53E 01 3.73E-09

1 2 3 4 3 5.93E-10 + 4.J6E-59P^ 2.366 01 5.93E-I0

1 6 8.77E-05 +-8.77E-d'5&^ 3.34E-66 9.23E-IU
2 6 1.00Z-04 +-I.00i-04P- 3.34F-06 1.04E-09

3 6 1.06E-04 +-I.06E-04P^ 3.346-06 1.10S-o9

4 6 1.10E-04 +-l.108E-04 3.34E-06 1.14E-09

1 3 3.35E-11 +-3.23E-61P^ 2.37E 01 3.35E-11
2 3 9.99E 99 +-9.996 99p^ 0.00E 00 0.00f 00

3 3 3.00E-12 + 8.95E-68P^ 2.53E J1 3.00E-12

4 3 3.18E-12 + 1.586-61P^ 2.37E 01 3.18E-12

3 GHz H-16 .,iINE •fdOUT GROJJD PLANS
TARGET # (P LEVELS) EQUATION' SIGMA

1 2 3 4 6 5.11E-12 + 4.16E-602P 2.35E 01 5.11E-12

1 2 3 4 3 2.366-12 + 4.2JE-61P^ 2.36E 01 2.36E-12

1 6 -3.933-03 + 8.93E-0cP^ 3.34E-06 1.63E-12

2 6 8.61 L;-13 +-4.19Z-63P- 2.37E l 5.61L-13

3 6 -3.18E-11 + 3.30Ez-!2^ 1.02E-u2 1.23E-12-
, 4 6 -1.21E-07 + 1.21E-07? 3.34E-06 1.97E-1 2

1 3 -9.99E 99 + ).998 99P^ 0.00C 00 0.00E 00
2 3 3.21E-12 +-1.10E-13P^ 6.648-01 3.106-i 2

S3 3 -9.99E 99 + 9.99E 99P^ 0.00C 00 0.00EF 00
, 4 3 -9.99E 99 + 9.99E j99? ^ 0.006 00 0.00 0oL O

'• -53-I
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737 Mhz iN-16 lMINE WPHOUP GROUN) PLANE
WITH BACKGROUND SUBTRACkED
TARGET # (PiR LEVEL3) EQUAT'IOaL SIGGMA

1 2 3 4 6 7.83E-03 +-1.63e-62P" 2.53E 01 7.83E-09
1 2 3 4 3 1.93E-11 + 1.54C-26P^ 8.03E 00 1.93L-11
1 6 2.84S-11 + 4.23C-61P" 2.37E 01 2.34E-11
2 6 9.10E-06 +-9.10E-05?" 3.34C-06 1.02E-10
3 6 4.006-10 + 4.39f,-60P" 2.37i 01 4.00E-10
4 6 1.39E-04 +-1.39E-042^ 3.346-06 1.90E-09
1 3 2.24E-13 + 9.63E-19P' 3.73E 00 2.24E-13,
2 3 5.71E-12 + 1.59E-62P^ 2.37E 01 5.71L-12
3 3 -2.29E-11 + 5.87E-12P^ 1.01E 00 -1.70E-11'"
4 3 1.83E-11 +-1.90E-61P^ 2.37E 01 1.83E-11

1 GHz M-16 MINE `ldOUT GROUND PLAN4E
WITH BACKGR3OUND SU62RACTSD
TARGET # (PWR LEVELS) EQUATION SIGMA

1 2 3 4 6 8.24E-10 +-1.69E-63P- 2.53E 01 8.24E-10
1 2 3 4 3 1.06E-10 + 2.33E-60P^ 2.36E 01 1.06L-10
1 6 1.45E-05 +-1.45E-05P^ 3.34E-06 1.63E-10
2 6 1.44E-05 +-1.44E-0P3t? 3.34E-06 1.45E-10
3 6 1.22E-10 +-7.13E-1lj?^ 1.32'--01 5.r'6E-11
4 6 1. 1fO-10 +-6. 55E-IIP^ 1.22E-01 4. -7E-.1
1 3 3.16E-11 +-3.27E-GIP 2.37E 01 3.16E-11
2 3 0.00E 00 + 0.00E OOP^ 1.5 5 00 0.00E 00
3 3 O.Q0E 00 + 0.00E 00P^ 1.0O• 00 0.00E 00
4 3 1.07E-14 + 1.005-21P 4.65E 00 1.07E-14

3 GHz Ri-16 :iN.E iTHOLIT GROUND PLAN4S
WITH BACi(GROUNj) SUSTRAcrsED
TARGET # (PvR LEVELS) EQUATION SIG,,%!A

1 2 3 4 6 3.17C-12 + 3.64EL-60 i 2.35E 01 3.17E-12
1 2 3 4 3 2.02E-14 + 3,28E-220' 5.07E 00 2.02E-14
1 6 8.26E-17 + 3.338-23?^ 4.6JE 00 8.26E-17
2 6 0.00, 00 + 0.00C 00&^ i.50i 00 0.00• 003 6 -3.30E-14 + 5.J3E-149^ 6.39E-01 1.73E-14
4 6 -i119E-13 * 2.09Z-132^ 4.94E-01 9.00E-14
1 3 3.31E-1.6 + 3.12--23,P 4.551: J0 3.31E-16 ,
2 3 0.00W O0 + 0.00C 00&" 1.50a 00 0.00E 00
3 3 -9.39E 99 + 9.99E 99^ 0.J3E J0 0.j00 uU
4 3 -9.99E 99 + O.9E 99?^ 0.30E 00 0.00E 00
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737 -ihz ADAM WIvii GROUN4D PLANE

TARGET # (?WR LEVELS) EQUATION SIGdlA

S6 4.540-10 + 4.39E-10?^ 1.03E 00 3.-936-10

3. 3 -4.80""-09 + 1.04E-09,?^ .71iE-01 -3.76E-09

1 1 Gliz ADAM WITH GROUND PLA',M
TARGET 4 (PWR LEVELS) EUATIO N SIGMA

1. 6 4.18E-06 +-4.18E-06P£ 1.62E-05 2.74E-10

1. 3 1.90E-12 + 1.1BE-I9P 4.43E 00 1.90E-12

3 GHz ADA-M1 vJITh GROUND PLAN4E

TARGET # (P:IR LEVELS) EQUATION SIGMA

1 6 -3.98E-11 + 7.84E-11P£ 2.61E-01 3.86E-11

1 3 -9.99E 99 * 9.99E 99P O.OOE 00 0.00E 00

737 Ahz AT/AV '4INE WITA GROUND PLAi4E
TARGET # (P.,R LEVEL6) EQUATION SIGMA

1. 6 4.62E-09 +-8.97E-59P^ 2.35E 01 4.62E-0O.J

1 3 9.99C 99 +-9.99E 99P^ 0.OOE 00 0.00FE 00

I GHZ AT/AV oti_4E .iir GROhO4D PLANE
TARGET i (PiiR LE4ELS) EQUAiTID, S IG,',

6 2.31L'-05 ÷-2.31E-05P^ 3.34E-06 3.40E-10

31 7.13E-!2 + 4.19E--3?^ 1--f O 7.35C.-10

3 GHz AX/AV :41E ;;Iix-'] GJRJ.iD PLANE
TARGET # (PN&I LEVELS) EQUATION SIGMIA

3. 6 2.95E-13 + 4.05E-17?^ 2.93E 00 2.956-13
i 3 1.1,jE-12 + 1.95-,172^ 3.08E uO 1. 19t-12



737 '.hz ADAN*i UIPH GRýAJL4D 'LA~t;
WITH ±3ACKGROUA~D SU rT'RACTEDi
TARGET # (PdR LEVELS) EQUATION S I GMIA

1 6 -5.061E-10 + 3.79E-10P^ 3.946-01 3.13E-10 *

1 3 -5.23E-09 + 1.730-09P^ 7.67E-01. -3.50E-09

1 GHz ADAXI W'Ifd GiROU:j) PLANE
WITH BAZKGROUJD SU3TRACTSDj
TARGET (P~R L±~vEis) El.dCATION SI GMA

1 6 2.52E2-10 +-1.9GL-64P^ 2.59E 01 2.52E~-10
1 3 2.22E-12 + 4.LJ3E-180^ 3.70E uO 2.22E~-12

3 Gdz ADAAM vI r H 1-3 JN D P LAN E
WITH BACKGkOuND Sd6rRAc&EVD
TARGET # (P4~R LEVELS) EQ(JATIOM' S IGMA

16 -3.66E-11 + 7.11E-1IP- 2.76E~-01 3.5112-11.
13 -9.9912 99 + 9.99b~ 99P- O.OOE 00 0.3012 00

737 Mhz AT/AV '4IiE; -girH GRJU:D PLA:4E
"0ITH BACRGROUA'D SU,-3i'RACiE±)
TARGET (? .q LEVELS) EQUATION S I GiMA

16 2.04E-09 + 4.82Z-11P- 6.23E2-01 2 9r-U
13 -9.99E 99 + 9.99E2 99P- 0.30E 00 0.0012 0u

1 G3,tz AT/AV 'lINE dJIN~ GROULMD PLAL4E
WITHA 3ACKC3ROLJNi Soi3TRACrED
TARGLT (PAJR LEVtLLS) EQUArio.4i S I I A

16 2.10E2-11 + 2.50E-132- 1.37E2 00 2.13C2-11
13 5.56E'-12 + 6.10E-13ti- 1.21E2 00 9.1'7E-12

3 Giiz AT/AV :ii Wkiq? GROUNýD PLANE
WITH t3ACKGROU.4' 3U:3rtA2Ih~kZ
TARGET It (PWqR LEVE2LS) --'QUATIOcJ 3 1 GAA

1 6 8.05E-14 + 4.5912-17&? 2.90E2 U0 8.00'c-14
1.3 3.22-:-13 + 3.79E2-17?^ 2.9.*E 03 3.23E2-13

- .t~- -~--- _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _



S~APPENDIX I

•_ SIGNATUR E EQUATION

•)_ D ERIVA TION

NI

l'1

t61

gA
g4:

!|I

g I

APEDI

SINTR EUTO
D RVATO

44.

° !-
:•, (4



P(W)P
'=i ... "•_°(0 P_ G

G 0o T (Wm2
Tx 1 2 (W/M2)

-Target

- M(M)

P Signature
G 2

RX R (M)

p-i 2
2-P (W/M)

4rR
""GTU 2 2

SPoG T 2 (W /M 2) 12 -- 2 4
(4 r) R

P p A (W) (2)
R 2

where A ts receiver antenna aperture

"A (M) (3)

4 7r

Al-i



From (2) and (3).

2
R T 3R4

P R (4?- R 

-

Solving for a': f
(4r))3 R  PR•G GTG X 0

Where:

R = Distance from antenna to target in meters.

P = Power at receiver input in peak watts.

P = Transmitter power output at antenna terminal in peak watts.
4@ 10i• ~Gain (dB) _

GT = Transmitter antenna gain GT 10 G (0

Gain (dB) .
G Receiver antenna gain G 0 10

R Receive frequency wavelength in meters.

Sa' = Effective sign'ure in sq. meters.

AI-
A1-2 

*"
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20:. 1 4k.Jý2'1
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Z. : to' "I r. I. I' + I
55:~~ E46• 1,4
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0: "737 Ilhz RAW DATA REDUCTION PROGRAA":
1: "C'OMiPUriS ANDJ kRIL'U,.S S1~3iŽrJARd 1-. Sq&I Ada. Sf~WýLS J, SIG,4 kVURz uAiA L'AiAC":`
2: ent "WHICHi TRACY Oo; RAI~ DArA 'APiE",6;if t3>I;gto -0J
3: trk 53

6 : sfq 14
7 : dsp "COi41PUTING DAPA"
8: ldf F,A$,t3$,DII*]
9: lLlM1*
10: if D[L,M%,L4,1] <=7;-10'3.39+3.921n(D[,QI~ql )-*r
11: if D[L,t,A-,1]~>7;if DLA~1(0-5.+35r(t,,,]'
12: if (,i.,,1>1;9 +.D1LA.JI.

14: R+-,,-3 0 -P

15: (41T)^3*4.42-4-K
17: 11. 22* 37. 58*.01834-Y
18: r/~
19: if Ml; 316S2-X
20: if M=12; 1581-,X
21: if '1=3; 153 I+x
22: if ',14;15. 81-1X
23: if A=5; 1. 58 .X
2 4: if M=6 ;151
25: C*Q/X-Q [L,,M%,Aj
26: dsp P;dso "P="r
27: if L>2;gto 30
28: L+1.L
29: gto 10
30: 1.L
31: if ,,>5;gto 34
32: MiI-.+M
3 3: qto 10

35: if i'i>7;gto 40
3 6: A + 1 -J
37: gto 10
3.3

40: wrt 6,"FILE",F*l
41: wrt 6,A$[1I
4 2: 1. 41 +L; 0-.,X
4 3: fmt 1,2/,5x,"'737 Mhz--128 W/sqtM RALýAR XSEr~rIOJi 1. sqM"i f =1; rt
4 4: frnt 2,2/,5x,1 '737 Mnz--64 4~/sqAý RADA,-, XSECT.101 Idj sqac";if ;*i=2-;wrt .

*11608
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44: ft 2,2,SX,737 *Mnz--t34 ~I/sqtl RADAR ASEC'iION' 1, q1~;f:2;t .

4 5: fint 3,2/,5x,"73
7 ,-a-iz--6.4 U/sqM1 RM)AR XSECkUOJ IA saA""";1.f .i=3;wrt 3.3

46: fnnt 4,2/,3x, "7 3
7 Mnz--.64 vh/sa;-4 RADAR~ XSECj:.1UN tI' sc 1'4"1;if .'14;wrt b.4 4

47: f iat 5,2/,5x, "737 An-.6 W/sq~vl RADAR XSEC-roi4 I c s cm=';if -n-5;,rt 6.5 1

48: fmnt 6,'-/,5x,"737 Nnz--.00 64 *./sqL4i RADAR~ XSECrrnt4 1.4 scqA4";lif el=6wrt 6.3

4 9: f int 7 , 3x, " AGLE" ,12x , "X-Y' , 14 X, " Y-Z "I12x, ZX-V ;wr t 6. 7

50: fnit 3 ,5x,f3.0,10x,el0.2,7x,el0.2,5x,elO. 
2

52: A+45-A;0'+l-0
53: if iJ>8;qto 55
54: gto 51

5 6: if oA>6;grtQ 25

58- dso '6INSERT~ 737 e~iRz SIG4ArTURE rýAPE";Sto

59: ent "STORE± OLX4 WhICdi TRACK??--",l3;if 13>1;3tO -'

60: trk B
61: ent "STORE~ 10 KiICr1 FiLE??",/,

62: fdf Z~
63: rcf ~Asi* Q*

6 4: fmt 9,5%,"'THE ABOVE L)A.A IS IN' FILE ý",1x~f2.0,5x,"O.A TRACK( r",1Lx,fq2.0

605: wrt 6.9,Z,s3;wrt 6;w~rt 6

6 6: "CNLo":dso "INSERT 735 .,4Hz RMi~ DATA TAPE";e-nd
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0 : "l G3nz RAW DATA REL)UCTL0,1 PRORa3Ni":t

2 : e nt "N1dICri TRACK OLN RAW DATA 1APtE",3;if i3>l;gto -U

7:dso "COMPUTLING DATA"
8: df F,A$,8$,D[*]

11: -116.32+i.15*D[ij,M,,4,1].R;3gto 13
12: "O':167+.91([,,,,I+
13: D L,1  2j+-b
14: R+D-30-~P
15: tn^ (P110) -Q
16: (4ff) ^3*4.42^4-K

18: 31/.C2 3 d.0-

19: if %i=l;3 16 2 -X
20: i f r,1=2;158 I-A
21: i f L13; 158 .1-A.
22: i f M=4 ;15. 31 -. X
23: i f A'=5; 1. 58 1+x
24: i f H=6 ; .1581-X
2 5: C*Q/X-Q (L, M,NI
26: dsp P;dsp "P=",P
27: if LU>2;gto 30
298: L+1.L
29: gto 10

30: 1-Lii31: if £4>5;gto 34
32 : M+ 11-M
33: gto 10
34: 1-L;1-*M
3 5: if iL>7;gto 40
36: N+l-.LN

39:

4 3:fint1,2,5x,1.0Ghz--123 w/sqim' W RAAR XSZCTIJA~ Iiisq..I=;if .,=1;w'rt o.

4:fmt 3,2/,5x,"1.0 3nz--6.4 vi/sqiA RAuAiR A3&--TIjq Lq' sq,'1=";if m~=3;wrt 6.3)



4 5: frnt 3,2/,5x,"1.0 Ghz--O6.4 .-i/scii! RAD)AR XSEICTfOL4 hi sq.A=";if .A13;wrt 5.3t 46: frnt 4,2/,5x,"'1.0 lGnz---.64 W/sq.i, RiDAR ASECTIOL,4 L4~ scpI=" ;if ,ei=4;wrt 6.4~
4 7: frnt 5,2/,5x,"1.0 -Ghz--.064 W/sqA RAL)AR XSECTIOA IJ sqM="-if ,15;wrt 0.5
43 : frnt 6,2/,3x,"1.0 %'hz--.00064 W/sq.A RADAR XSECHri~ I.J sq=";if ,!=U';Wrt 06.6

50: frnt 3,5x,f3.O,10x,elO.2,7x,elO.2,5x,elO.2

52: A +4 5 -A; A'+1+ N
53: if 0>8;gto 55
54: gto 51

56: if A>6;gto 53
571: qto 43
58: dso "INSERT 1 G~z SIGAATuRE TAPEP";sto
59: ent "STORE ON Wh±ICr TRA.CK",Y;if Y>l;'gt.) -0
6U: trk Y
601: ent " STloRE IiH'Iq CIId F I ,E",Z
62: fdf Z
6 3: rcf Z,~~,(JQ[*I
6 4: f,-nt 9,5x,"THE A63OVE DATA IS U ?fLi #"-,1x,f2.U,5x,"o.'i TRACK #`lx,f2.02 ~65: wrt 6.9,Z,Y;wrt 6;wrt 66 E4"~~"LJEfi0zR~JDT '?";n

*12934
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0: "3 Gnz RAW DATA REDUCTION PROGRAMl":
1: "CJLMIPUTES JkiD PRINTS SIGNATURE IN sqil AdD SfORES O0, SIGL4ATuRE uAT.-i TAPE"
2: ent "WHI~d TRACK ON RAW DATA TAPE ??",3;if i3>1;gto -0
3: trk B
4: ent "4JICLI FILE ???",F
5: d im A$[15,801 ,3$[15,6) ,D[3,6,8,21 ,Q[3,6,8]

6: sfq 14
7: dso "CJMPUTINiG DATA"
8: ldf F,A$,z3$,D[*]
9: 1-L ;1--&;1 •N;1.0O

10: -116.32+4.93*In(D[L,.I,.4,1] -R
11: b [L, M,,N,2]I÷D

12: R+D-30.P
13: tn^(P/10)÷Q
14: (4,T) ^3*4.42^4÷[K

15: 15*19.85*.0011.)
16: K/Y-÷C
17: if 1=1; 100U00÷(
18: if M=2;5000÷X
19: if 'I=3;500-A
20: if '1=4;50-X
21: if I=5;5-X
22: if =I=6;.55-X
23: Q*C/IXQ [L, M,N ]
24: dsp P;dso "P=",i?
25: if L>2;gto 28
26: L+1-L
27: gto 10
28: 1-L
29: if M>5;gto 32
30: .,,+ I-M31: gto 13

32: 1-L;1-2M
33: if N>7;gto 38
34 : o.+' I÷.

S35: gto i0

36:
37:
38: wrt 6,",ILE",F*l
39: wrt 6,A$[1I
40: 1* i- I-N ; 0- A
41: fret 1,2/,5x,"3.0 Ghz--128 .q/saMŽ RADAR XSECTIO4 Li• sq-i=";if 1=1;wrt 6.1
42: fret 2,2/,5x,"3.0 Gnz--64 i/sqM iRADAR ASECi0L>Ž INj sqA4=";if •.=2;wrt 3.
43: firt 3,2/,5x,"3.0 Gnz--6.4 v/sqA RADAR XSECTIOc: IN sqvl=";if ,I=3;wrt 6.3
44: fLit 4,2/,5x,"3.0 Ghz--.64 W/saq.1 RADAR XSECTIOi ii sq,4=";if -'=4;wrt 6.4
4 5 : f~mt 5,2/,5x,"3.0 Ghz--.064 .W/sqA RAbAR XSECIIQ IN sa.i,";if .,=5;wrt 6.5
*21213
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4 6: fint 6,2/,5x,"3.U Glhz--.0064 ?J/sc'ii RiADA XS U'Ci2Ijq .'i sq..a=";if v.-o-wr t G3.6

43: fmt c3,Sx,f3.O,Ijx,elO.2,7x,elO.2,Sx,elO.2

50 : A+4 5-A; N+ 1-A'
51: if L0>8;qto 53
52: gto 4)
53:H A; A -
54: if Ai>6;gto 56
5 5: gto 41
56: d s o " IJSERr 3 G~z S I GL4ATU RE -PAPE" ; s t
57: erit "'STORE~ ON WHiICH TRkACK ??? ,B; if 6>1;gto -0 I
5 8: trk B
59: ent "SrORF, IN ,,IHICrf FILE ?'ZI
6 0: fdf z
6 1: rcf Z,AS,tj$,O[*l Q*
6 2: f lit 9),5x,"riHE A30VE DATA IS 1,4 FILE~ r",1x,f2.0,5x,"J,, rRIACK 4",tX,f2.u
6 3: wrt 6.9,Z,;3;wrt 6;wrt 6

64: "END":dso "INISERi' 3 Gt-z RPAW DATA i'APE";end
*~324
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0: "737 Ahz BAC.(GROU-ND AVEPLGIOG ?M"
1: "AVERSGiCS iiACKGR~uiD DATIA FOiý USE 14ia W~LAL COLi~uiuAf1l.±s":
2: f It 2
3:
4: erit "FILE ASSOCIATED WdITh",.A
5: d im D [ 3 , 5 82;0-P ; 0 F~;0 -V ;0 Ml; 0 D;U-G
6 : ent. 'IRRADIATIOd4 i£ar.,l-06;1=123 etc ..." L
7 : ent " VOLTAGE OUTPUT?, EN rE R Vo",v
8 : sfq 14
9: if V<=7;-10G.03+3.921n(V)-.iR
10: if ~1>7;if V<=1Q;-157.6+2j.51n(/)-.±R
11: if V>10;-95.1+.46VI+R
12: ent "PAD SETTlLdG?pLJi'ER PAD",O
13: RD3~

15: (4.,,T) ^3* 4.42 4 -K
16: 11.22*37.51ý*.0134.Y
17: rK/Y.*C
Id: if ,\1=1;316/.-,X
19: if 24 2 ;158 1-.X
20 : if m=3; 153. 1-'X
21: if e\414;15.31-*X
22: if 4=5; 1.581-,A
2 3: if 1=6 ;.1531.pX
24: C*Q/X+S-S
2 5: G+1-.-G;O+T;ent "FLt4ISHE±)??,ELii-' I" r
20': if T~l;gto 7
2 7: if T1l;S/G-1-[l,vM,8,21 ;O.G;0.S
28 : if M=6;gto "LIST"
29; if 0'16;gto6
30 : "LIST":dsp "TO LIEST ON PRLŽJTER PRESS Co~il!.1
31: sto
32: u rt "FILE #",A;spc 2
3 3: for i'=l to 6
34: ort D[1,L',8,2I;soc 3
3 5: next N4
36: end
*3341
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0 : l~hzBACGRO~4D AEREING ROGR14"
AVERGESBACGR~t,40u~l 'O USEIN iJL %-J~p-iA lu,4s

0 : "1Ghz RRDATKaJ !0& IT.plG;1=12 etcGaM"
71: enA VOLTAGES OALGUTaIJu' l' ,~ i EtieE RL' Vo ~ Ji CJivAi
2 : fit 24

4: eit "F=ILEt "LOG"Ti ~ii
50: di116.58,2+II5*V-R;to 12~VuM0.;
61: et"LOGRADI6rIO2 h4.,lnV-o;13 t.."R
72: ent "POLADGE OTTIN?,EATB±R PAD",D

17: sfq 14-

19: if V1;gt "L8 s"
10: ~if M=3; 15. 15*+R 1

12: ent "PAD 1. T~G,.E 581D",X
13: if+A=63;.15P --
14: tnC(P1X0)-S~
1 5: (4j-G 0- ; n F10 SHE?4 ET "
16: if.62*13ld*.017
17: ifTK/Y-DIM8,10C;-
18: i f ,1=;gto LIST
19: if ,1#;gto1.
20 : ifT:s "TOLIS OdP5ii.1 PES
21: if441.t1+

325: art "FILrEn #"FdIsHE??E: 2"
23: ifo .4=1;to 7
27: ift T1;/G-Dw,M,2 ,2];spc0-3

29: ifx L4;go

31: end
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0: "3Ghz 3ACKGROUNtO AVEIFEGIN3 PROG&Ai":
I: "AVEREGES BACKGROUdD DATA FOR JSE IN FINAL COIMPUI`ATIOLS":
2: fit 2
3:
4: ent "FILE ASSOCIATED WITd",A
5: dim D[3,5,8,2 0;-P;;01?;0-V ;0-c-1;0D;O-G6 6: ent "I ARAD IA iýIOi IN T, 1-6;I1=1 28 e tc m
7: ent "VOLTAGE OUTPUr?, E'i.ER vo", 'I
8: sfg 14
9: -116.32+4.93* in (V) -P
10: ent "PAD SETTIiiG?,EN'JER PAD",D
11: R+D-30+P

• 12: tn^ (P/10)+

13: (4 IT) ̂ 3*4.42^4+K
14: 15*19.85*.0013+Y
15: K/Y÷O
16: if .I=l;10000+X
17: if Ž1=2;5000oX
18: if 'I=3;500+X
191: if 1=4;:U -X
20: it 1=5;5-A
21: if '" i;.5-X•- 22: C*Q/X+S.S
23: 3+1 -G:0oT;ent "FIN ISHED??,EEA I" ,i'
24: if T#1;gto 7
25: if T=I;S/G[,0,-,2];0.C;0÷S
26: if M=6;gto "LIST"
27: if A.#6;gto 6
28: "LIST":dsp "TO LISP Od PRINIER PRESS COQT."
29: sto
30: urt "FILE #",A;soc 2
31: for L4=I to 6
S32: prt D[l,N,8,21 ;spc 3I
33: next a
34- end*12496

A2-16

!i,,



�r�c-'-- -=�-� -� - = - rrr=�=.�- r=�-==- --
� - - -- - -� -�- - -

7--- - -n

U
Ii
hiLi
H

11
I I

* DATA .- �v�I z±LN¼Z ii
* *

* * ii
* * I;
* *

.4 * r.7r�r�C.'NT in PRflrZ�A.I P
* *

& * *

* *
it

**********r******,.. -****t*****t**

I,

I-

I-
I-

ii
I
I-
I
F

t
[

I I
I

4pA
F, iit

A2- 17 1

________ - - - fi- -7-
-- - ��-- -



"0: "AVERELIJG ' RRM I.'4CORPORATIN' 3ACKGRJUND CORRECTIl',":
1: "su6,RA:fz THE iACKGROO:.D AT EACd POILr AAND ?L-iifS L\L,.LTS":

2:3: d q;)N;0 . 0 Y'

4: ent ";iHICH DATA TAPE?, ENT 1 OjR 2",11
5: ent "dtICn rRACK TA iPAPL?",A
6: trk X7: d im A$ 1 , ], $ 1 , , [3 , ,2 , 3, , ], $ ,4 ][
8: ent ",itl,:d FRrEQUENoC'Y ?",%:$[7)

9: ent "ý''d!Cii FILE L ,??,y
10: ldf Y,A$,S$,i4*I,Q[*]
11:
12: 0÷A; U- ; u' ')-E;; G; 0 ; OJ ; ;

14: for Z=1 to 6;0o*4l,Z,i,lj;next L
15: "IciEiDKEJT POWER iS 128 i•/sqM'-'C$(lj
16: "INCIDE,12 POOEA IS 64 .""÷$"
17: "NlCIDEE'4 PONER IS 6.4 ;/",°C$[3i A
1: "INCIDENIT POSER IS .64 4/sq~1"÷2S[4] *
19: "INCIDENT POq3ER IS .064 Wlsa:4"÷c$t51
23: " 10 C 10?-4 I' PO,4wR IS .0064 '/sq;,I"-C$[6]
21: for 2=1 co 6
22: ent 1[2,Z,1,11
23: next Z
24: for Z=i to 8
25: i[ 1,5, , I I [1,5 , 7, +Q[2,5 ,Z] + 3 3 5, Z] L) 1,5 ,1,1]
26:D[1,6 ,1 lj]+Q j ,06 , zi+Q [2,6 ,Z] +Q [3,6 ,] [ , ,I ]

27: next Z

29: tJ[1,6,1,11/24--[1,6,1,11
S31: L' [1,6 ,1 11]/D [2,6 , 1,11 -i [1, 6,1,2]

32: (D I1,5,1,21+DI[1,6 ,1,2] )/2-D [3,3,3,2]

3 3: for L~1 to 'ak34: D[2,Z,1,I] *D[3,3,3,,3 2]÷D i[3,Z,I,IjI

35: next Z
36: 1-?
37:
33: for Z=1 to 3
39: Q[I,P,Z]-u[3,,1,11]÷rO;if rO<0;0÷r0
40: A+r0-A
41: Q[2,?,Z]-D[3,P,1,l]4r0;if r0<0;0÷rO V

42: B+r0÷8A•°3: )(1,P,Z]-D[3,r,1,1j-rO;if r0<0;0÷r0 ý
,4: C+rO-C

45: next Z
46: A /3+-A

47: B/./8- 3
• 48: C13C

4 9:
50: "AV EUi G t jVSR CUi'S":
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51: for 4=1 to 3

5 3: D+ r 0-D

5 5: iE+rO.L

5 7: F+rO+FI

5 8: QýfZ,P,41 -D[3,?,1,1I-r0;if r0<U;J.rO
59: G +r 0 G
60: Q.[Z,i?,5I-i)[3,P,1,1J-rO;if rO<0;tJ-rU
6 1: Ei+rO-iL
6 2: tP6I-4,,,IrifrO<0;0.rO
63: I+rG.I
64: Q[Z,j?,7] -D[3,P,1,1]-r0;1'f rO<0;0.rU
65: J+r04-J

6 7: -Ký-r0+i(
63: next Z

7 0: E/3.iB
71: F/3-i'

72: 6/3-d
73: 1/3+1
75: J/3-J
76: L(3e±K

7 7:

73: "AVtrRILGF OVER ALL MEASURE-M-EviTS":
79 : for Z1l to 8I

8 2: Q[2,P,ZJ -D[3,P,1,lh..rO;if rO<0;,0Ir0
33: L+rO.L

85: L+rO+L
36: next z
37: L/24-L
8 8:
3 9: " )V Z R ALL SrALIDARD DEVIATIO3N":
90: for 4=1 Lo 8

9 2: A4+(Q3,-Z -3 P,1,1I-L 2
93: next Z

95:
96: "P R INT STIATEMEdTS":ei

9 9: wrt 6
100: wrt 6,2C$[7j ," AVER±EGESi CiRRi CTEi ')xA ýACrýGROu.ýY'
*15J42



101: ,art 6 t
102: if 1=l;wrt 6,C$[I]

u13: if t'=2;wrt 6,C$[2j
104: if P=3;wrt 6,C$[3]
105: if P=4;wrt 6,C$[41
106: if P=5;wrr 6,C$[5 f
107: if P=6;wrt 6,C$[66
1033: wrt 6;wrt 6

109: fmt 1,4x,"X-Y",4x,el0.2,20x," 0 deg",4x,elO.2
110 : ft 24x, "Y-Z" 4x elO .2,20x ," 45 deg",4x,elO.2
111: frnt 3,4x,"Z-X",4xel0.2,2Ux," 90 dea",4x,elJ.2
112: fret 4,4x,37x, "135 deg" ,4x,elU.
113: fret 5,4x,37x,"10 aeg",4x,elO.2
114: fmt 6,4x,37x,"225 deg",4x,el0.2
115: fint 7,4x,"AVG. OVERALL",4x,eI0.2,11x,"270 deg",4x,el0.2
116: fret 3,4x,"S.D. OvERALL",4x,el0.2,llx,"315 deg",4x,elU.2
117: wrt 6.1,A,O
11:3): wrt 6. 2,3, E
119: wrt 6.3,C,F
120: wrt 6,4,GIi121: wr t 6.5,ri

122: wrt 6.6,1
123: wrt 6.7,L,J

125: wrt 6;wrt 6;wrt 6;wrt 6
i••1250: 2+l•P;if t?<=6.;gto 3S

127: wrt 6;wrt 6;wrt 6;wrt 6;wrt 6
128: gto 9S129: " EN•D" end
*30653
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0 : "DATA AVL~REGIAG PiROGRAeli 14I¶T-UUT l3ACKGROULu)CCxDCTO'
1 : "Av~ERLGES SIG,'JATU;RSS FRCiM SECO:AD DAjiA TAPE w/o 6j~l2RACTILqG BACKGRW--:L&':
2 : Q.V; O.W; 0 X;'i.-Y
3: ent "WHiICh D)ATA TAPE?, EINT 1 OR~ 2" .i
4: ent "t,7HIC-d TRACK ON TAPE?" X
5: trk A
6: d im A$t15,80I,!3$[1ý-,61,D[3,6-,3,2I,Q[3,6,8I,C$[7,40I
7: ent"Wi1C-a FRLQUEPJCY ??",C$[71

8: ent "M-jfC~i eILE ??",Y
9: ldf Y,A$,r3$,L[*1,Ql*I

12: q "I IL)L; & P 0o ,R IS 128 ;-.i/sQa.."+)C$[lI
13: "L C 11) EL'il POWEA 16 o4 ,v/scvi"Q'C$(2j

14: IN C I j)ET P O'KER IS 6.04 W/sa~vl"-(-J$[5

14: 1 NCI1D, .4C TCwEiikr IS .6.4 vý/scr~i"-CS(3]
15: 1 a('CI D 6 TPOWE IS .064 vs..11"-c$j
17: "iCOL POýM-, IS .0064/s".[5

M& 13:

20: AVRr;'JE uvLR ALL 41isLASUR6, S":
21: f-'or Z=1 to 8
22: L+Q[1,?,Zj+Q.d(2,P,ZI+Q[3,P,ZI.]L
23: next Z
24: L/24-L
25:
26: "OVER ALL STALADARL) DEVIATIOL&':
2 7: for Z1l to 8
2 8: (Qt1,P?,]I-L)-2+(Q[2,P,ZJ1]-L) 2+(Q [3,P,ZI -L) 2-*m
2 9: next Z
3 0: *ý(,1I/24) -M
31:
32: "PRIOTP STATEMEJEŽTS"
3. 33: wrt 6 ,"FILL; Tr ,Y," , Q TFRAi #" ,X,#' " ,"'OY TAPE #",-W
34: wrt 6,A$[1I
35 : wrt 6
36: wrt 6,C$[7) ," AVERL~-GES WIThOUT iBACKG!ý;040 i -) RREC'I>OW'
3 7: if P1I;wrt 6,C$1111
38: if P=2;wrt 6,C~[2I
39: if P=3;wrt 6,C$[131

41: if P=5;wrt 06,C$[5]
4 42: if r ;wt 6,CS[06I
4 3: vir t o;wrt b
4 4: f m,. 7,4x,"AVG. Q;VERALL",4x,elU.2
45: cmt 03,4x,"S.D. 0VEfRALL",4x,el0.2
46a: wrt 6.7,L
47; wrt .8,.

a 4: wrt. 6;wrt 6;wrt 5;wrt6
4? t+l.p;if P(=6;ato 20

50: wrt 6;wrt 6:,wrt- 6;wrt 6;wrt 6
51: 1-p
52: qto 8
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